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Introduction

Drought stress is one of the most important abiotic factors limiting agricultural production in arid and semi-arid regions
of the world. Water deficit disrupts physiological and metabolic processes in plants, leading to reduced growth, impaired
photosynthesis, and decreased grain yield. Drought stress also increases the production of reactive oxygen species (ROS),
damages cellular membranes, decreases photosynthetic pigments, and ultimately reduces plant productivity. Mung bean
(Vigna radiata L.) is an important legume crop because of its high nutritional value, short growth period, and nitrogen-
fixing ability. However, this crop is highly sensitive to drought stress, particularly during flowering and grain filling
stages. Therefore, improving drought tolerance in mung bean is essential under water-limited conditions. The application
of plant growth regulators such as paclobutrazol has been considered an effective strategy for alleviating drought-induced
damage. Paclobutrazol can improve drought tolerance by enhancing plant water status, maintaining membrane stability,
promoting osmotic adjustment, and strengthening antioxidant defense systems. Previous studies have also shown that
triazole compounds modulate stress-responsive pathways and improve plant performance under water-deficit conditions.
However, these responses may vary with cultivar and drought intensity, and the underlying physiological mechanisms
remain insufficiently understood. Therefore, the present study aimed to evaluate the physiological and biochemical
responses of two mung bean cultivars to paclobutrazol application under drought stress.

Materials and Methods

This experiment was conducted during the 20242025 crop year at the Research Farm of the Faculty of Agriculture,
University of Ilam, Iran. The experiment was arranged as a split-plot factorial based on a randomized complete block
design with three replications. Experimental treatments consisted of three drought stress levels (40, 80 and 120 mm
evaporation from Class A evaporation pan) as the main factor and three levels of paclobutrazol foliar application (0, 30,
and 80 mg.L ™) along with two mung bean cultivars (Partow and Gohar) as subplot treatments. Drought stress treatments
were imposed after complete seedling establishment based on cumulative evaporation from the Class A evaporation pan.
Paclobutrazol was sprayed three times at 72-hour intervals. Physiological and biochemical traits including relative water
content, ion leakage, chlorophyll a and b, carotenoids, proline, soluble sugars, catalase activity, and ascorbate peroxidase
activity were measured at the flowering stage, while grain yield was determined at maturity. Statistical analyses were
performed using SAS software (Ver. 9.1), and mean comparisons were conducted using the Least Significant Difference
(LSD) test at the 5% probability level.

Results and Discussion

The results indicated that increasing drought stress significantly reduced relative water content, chlorophyll a, chlorophy!ll
b, carotenoid content, and grain yield in both mung bean cultivars. In contrast, ion leakage, proline accumulation, soluble
sugars, and antioxidant enzyme activities increased under drought stress conditions. Paclobutrazol application improved
physiological and biochemical characteristics in both cultivars, and the greatest positive effects were observed at 80
mg.L™%. Foliar application of paclobutrazol increased relative water content, photosynthetic pigments, proline, soluble
sugars, and the activities of catalase and ascorbate peroxidase enzymes, while reducing ion leakage under drought stress
conditions. The interaction effects of drought stress, paclobutrazol, and cultivar demonstrated that cultivar Gohar showed
superior performance under mild and moderate drought stress conditions in terms of most physiological traits and grain
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yield. In contrast, cultivar Partow exhibited greater tolerance under severe drought stress conditions through better
maintenance of physiological characteristics and stronger antioxidant defense responses. Enhanced antioxidant enzyme
activities and increased accumulation of osmotic adjustment compounds in paclobutrazol-treated plants played an
important role in reducing drought-induced oxidative damage, maintaining membrane stability, and improving drought
tolerance.

Conclusions

Overall, drought stress adversely affected physiological traits and grain yield of mung bean plants. However,
paclobutrazol application considerably alleviated the negative effects of drought stress. Foliar application of
paclobutrazol, particularly at 80 mg L™, improved plant water status, enhanced antioxidant defense systems, increased
osmotic adjustment compounds, and maintained membrane stability, resulting in greater drought tolerance in mung bean
plants. In general, cultivar Gohar showed better overall performance in terms of physiological traits and grain yield,
whereas cultivar Partow exhibited greater tolerance under severe drought stress conditions.
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Figure 1- Simple effect of drought stress on leaf relative
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Figure 2- Interaction effect of Paclobutrazol and cultivar on
leaf relative water content in mung bean
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Po: no paclobutrazol foliar application, P1: 30 mg.L™
paclobutrazol foliar application, P2: 80 mg.L™t paclobutrazol foliar

application
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Figure 3- Interaction effect of drought stress, paclobutrazol, and cultivar on leaf relative water content in mung bean
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D1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, D3: 120 mm evaporation from

the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™* paclobutrazol foliar application, P2: 80 mg.L™
paclobutrazol foliar application
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Table 3- Analysis of variance (mean of squares) for the effects of different levels of drought stress and paclobutrazol
treatments on physiological traits and grain yield of mung bean
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Figure 4- Interaction effect of drought stress, paclobutrazol, and cultivar on chlorophyll a content in mung bean
Y. bl Pr ‘Jg)']):fyy[;li b gl pas Po . JrENFECRA 5l oS yio oo VYo :D3 e Sl g e uo A :D2 et Sl 5 oS yie o ¥ :D1
Js3lslSl (Bb g 2 )3 05 o Ae ke P2 5 JsiligslSly (3 Jotono 2 13 2.8 L
D1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from

the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™* paclobutrazol foliar application, P2: 80 mg.L™*
paclobutrazol foliar application
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Figure 5- Interaction effect of drought stress and cultivar on
chlorophyll b content in mung bean
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Figure 6- Interaction effect of paclobutrazol and cultivar on
chlorophyll b content in mung bean
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Po: no paclobutrazol foliar application, P1: 30 mg.L™ paclobutrazol

foliar application, P2: 80 mg.L™ paclobutrazol foliar application
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Figure 7- Interaction effect of drought stress and paclobutrazol on chlorophyll b content in mung bean
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D1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from

the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L ™ paclobutrazol foliar application, P2: 80 mg.L™
paclobutrazol foliar application
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Figure 8- Simple effect of drought stress on carotenoid content in mung bean
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D1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from
the evaporation pan
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Figure 9- Interaction effect of drought stress, paclobutrazol, and cultivar on proline content in mung bean
Ve cdile PrJojl gl (st glowe pae Po el K1t I s oo W+ D3 s St Sl e oo Ar D2 e S5 ) 55 el ¥ D1
o3l pomgSl 2k g 2 )3 05 o A ke P2 5 JsiligslSy (3 Jolomo 2 13 .8 L
D1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from
the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™* paclobutrazol foliar application, P2: 80 mg.L™
paclobutrazol foliar application

ST 50 i byl cod Joloe (sladid isl58l a8 sy oo Hlas &
Jsbre (slanid i snas Lis Sy ol s Slgizmo ials
bés 4y S8 g (gjom! palaid )0 00855l e sowl lgicay
)Lo.a) 5 J9l>u s u..ul)s\ e Gl La»‘_]al.w u"] Cuxusyg
Sy Yty bis o Sg i (LT L olyen o5l 5aslShy
Sl pals b Jojl 5aslSly amd o it 45 390 (g juwgid
G ob)f

eSS ) S Csly gy 4by Gl L g3l SalSy
(S Ll 3 09 5 b e S o & 8
Sy Joloe slodi oo laljl s e (SIplie s ol
bas 13 500, Jar (gjowl (osiS pudad laicay a5 205 o
@ Jood x> 9 0 i sl (k9 Jelw il )y
5 pAS > (Babarashi et al., 2021) siiisy o dgup0 |y (Suis
s Jal 3l e (Sid 5 Cov il aslSh (Sh gl
Dwivedi ) s)b cillas yimgh ol i b as a5 Sy Joloro
(& Kumar, 2016

oo slauis
OiS ey 5l as ol i edld il ls 4500 5l J—ols gl
s Gl 2 05y 9 Jojl PpglSly ((Sid G G lSA
25 7 Jsis) 35t oine P <o/-0 Jlatnl a5 Jgone
DL 08 5 JaiyiplSl ( Seis 5 iS a5k sl
dod ) BsS g 5ix v8) 93 3 50 Jobre (slaaid lje 45 D
JS.5) 23 I3 Jaiipslsl otk e 5 (S35 5 e
Sl 5 5y oo 48 i S5 5 el den > ()0
s Jp sl 2 53 08 o Ae il (3l ol 33
O baalyd )3 528 08 53 (12L5) JgjligalSly (Sl glre pas
2 9o VeIV (juoes Sls jl puses o Juo V) s Sis
PEISTPIREESLR TN (ARSVEN I S-S | IVE SCOS W3 S P9 U
Uil Jgloee (cladid e do)d VV/FY g VYA LS 5
0+ Jsz) cdl

e Jooxe (£1o5 olizn sy (ol ol el 5
S—id 25 & Gl 3 G815l Gam T el 5 s
5 gy Gl ) Joil oS (il Jloee 5 il



VA ot J53l i palsly bl Jslre & (Vigna radiata L) (e oSa5als: jud ©lio dly «olylK0d 5 (sokual

400
350
300
250
200
150
100

50

a a
bc —r

bc bc

Soluble sugars (ug.g1Fw)

PO P1

D1

P2 PO

bc

P1
D2

O Gohar
bc b

] O Parto

d d

e de de
f
P2 PO P1 P2
D3

Drought x paclobutrazol x cultivar

Ole oS S 1 Jslone (S l3mm 2 03 9 ol gl Sl G S A1 -V S
Figure 10- Interaction effect of drought stress, paclobutrazol, and cultivar on soluble sugars content in mung bean

Ve cbale P1JgilpgslSly Lib gl pas Po s Sl I s yie Jee Ve D3 s St ) s e e Ar D2 pises St s e e ¥+ D1
(J93l59siSly (obdslome il )3 p)S o Ar clale P2 g JojligslSl (Shslre i 5 )5 e

D1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from
the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™ paclobutrazol foliar application, P2: 80 mg.L™
paclobutrazol foliar application

g a3l opl el ial38) (WU & Yang, 2024) el 5]
Carthamus ) 5,8 ol o (Suis i jl 8b olylus (el
-l oads 158 56 (Chavoushi et al., 2019) (tinctorius L.
g sbbaas] Cunsdy i b (Sid Ll 55 JgjlialSh
51T ela JUS 3bul o g bapianwgitd ol jials
25350 5SSl (SIS0, Bl s gl g 0035
adl Gl iasdd STy 450 (gl JYBE collad aoeis )
Yadav &) 20,5 » bas Jol w gl usl Jolas s

.(Hemantaranjan, 2017

S5y S ygSus]
g > 8y 5 JoilpgalSly ((Sid s alas yiSen il
ol Sy SlysSsl e 2 (5 l3csime b P</o) Jlos!
OB GRS o2 Nl d—lie gl (1 Jgi) e 3l
SlpsSal w3l l3e oS ol> (Lt 08 9 JgilpgnalSy ( Sis
9 SdS S gohaw ded )3 1095 9 95 p 05) 93 & 53l
oo Fr bl 5 Ll cdl (I3l Jg3l SslSy (sl Jsloxe
255 Yoo W g A Laalpd )3 g g5 08,y S I oS
el gty STy SlygSl Glise 255 08y s St |
pis & Comd Jojl5galSly yud 3 )5 (e A clale 3L Jole
S S bl g 95 08 55 (L) Jgil sy (b sle
Lul )8 53 9 o3 ¥ (e Sl ) e yia o 1Y)
5 S 08y )3 9 doyd YAA Syl e yio oo ¥+
b iolisl sy SbyeSanl w3l lise duoyd FYISY o Yo/

Bty
Sy ;85 Cos (Pe/)) (g )bogine pgbdy SYULS o3
<85 )13 035 9 Jil gl (St (i slojlas ailfew
(S I S 565k dnlie @l (Y Joi)
dod 53 055 9 9y 08) 93 3 &S 3 G 88 5 gl iaelSh
YOI Gliee Jgjl islSly (3l glone 5 (S—id (15 ol
St e proslee ¥o lalyd 0 (V) JS) cdly lal
25 S |y yia o VW g Ar Lulyd )3 9 5 08y pS
Av clale (o3l oo ol (g piia YUK e 265 05,
gl pae a Cos JojlipslS e s 50 S ke
W) i (Suid s bl g p0s5 03 55 (al) Jojl sl
Fogshes Yo lalyd )3 9 dop3 Ve (e St 1 s ol
VW90 s idsgin o8y 0 9 dmoyd iy e Sl s
w5 b (V) JSs) cdly LaalsE YL w51 osse Ao
b ol o St 5 Loyl o SYBIS cadleb tals8l corh Juols
obejed oi—b JLd Sl (Jobre slaais 5 g n (il
ol Ol 3g9x08 4 Fusl 13 ol (g jem] palsis 5 > (cla,lSg5Le
il Caxdg 090 b JojlignslSly (il Jlore o ausy oo jlai 4y
lid ol (1ol Sy Ol (s g l31 )b 1 elS
(S g SlopSS) i bis g S i Ll 5k
el (aal33l 5 ) Bl s gl ) (mlie byl
el 03,8 oalp VLIS

Sisb i cov Sl S 5l glags 3l clld jil58l
Jl cladisS i (gl olS Lelos gl i b oima Lt



VFe0 Jol dod o) oylod AV ads oyl ol ©lgus Lo ibgfs s pid 1AY

i 2L Ol b (Sts (55 cov Sl sy

Sy S )3 (5enS] Jleb (sloisS 155 ylae g SleS 3]
e 2] 1 D95 0 38l — Sl 482 (il Jleb o
Sy lpsSsl o 51 Cllad 59,00 1Sy 3o Bl (4
ol 5 3nST Ol sl JUSGa)) oo 5 sl o el
Abbasi et al., ) 555 S 5l> Jolw sla)lislw 4 g5l s

(2015
~ 0012
£
€ 001
85 0008 e e
<9 f
% 5 0.006 fg.  ffe g
oL 9
g 0.004
<
2 0.002 H
0
PO P1 P2 PO
D1

e (gjol OLS 5 goos (ol &8 sy oo Jai o (VY JS)
©ad  Jsbs o sy b e Jybre slonid 5 oy
Syl s Jlb JUS )3 g iwls” (a5 5l (3 slace—]
03,5 KaS sy s ilS g s 5l i 4y o usSTy,
b gl a5 il pl il etk e a5u] uismed ol
(g i Gl g S Of s Slgime dgu b g3l sl
5 a1 Bl i 50 3,Shos (el |y (g Fslio Ll
Sts i cos le b8 5 sy bS] el il

ool 03,8 ol

a @ Gohar

b
de bc d dc ; d cd O Partor

de

P1
D2

P2 PO P1

D3

P2

Drought stress x paclobutrazol x cultivar

oo oL VB 0 55T (w0 2 08 9 Sl el oSl (A5 (S o 1= U
Figure 11- Interaction effect of drought stress, paclobutrazol, and cultivar on catalase enzyme activity in mung bean
Yo clale P1eJgilpasSly il Jglme pas Po ¢ s Sals I s e oo Ve D3 s Sl s e Joe A D2 s Sl I s e e ¥4 D)

93 siSly b Jlons 52 53 o5 ks Ae Cale P2 5 JoiligngSl Bl Jslone 52 53 25 (e
D1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from
the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™* paclobutrazol foliar application, P2: 80 mg.L™
paclobutrazol foliar application

0.07 -
0.06 -
0.05 -
0.04 -
0.03
0.02

Ascorbate peroxidase
A)Amglprotein min-t)

0.01

2 % mParto

O Gohar

D1 |

cd cd ¢
de d d
de
of def ef f de
1 fg fgh
J HQ ’—‘
0
PO P1 p2 | PO P1 P2 | PO

P1 P2 |

D2 | D3 |

Drought stress x paclobutrazol x cultivar

lo 8L oy OlyygSl 02 35T (a0 12 08 9 3l FgeglSTly ((Suid S (S 1 1YY UG
Figure 12- Interaction effect of drought stress, paclobutrazol, and cultivar on ascorbate peroxidase enzyme activity in mung

bean

Yo cble P1eJojlnslsly il sl pas Po s Sl I s e Joe Ve iDg e SEi ) 5 st e Av D2 gz S5 e el ¥ D1
J9il gl (b sl 3 3 p)S e A clale P2 5 JojlsgnglSly (o8l Jgle 3 )3 25 (e

D1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Dz: 120 mm evaporation from
the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™* paclobutrazol foliar application, P2: 80 mg.L™
paclobutrazol foliar application).



VAY .. ot J53l i palsly bl Jslre & (Vigna radiata L) (e oSa5als jud ©lio dly «oly(K0d 5 (sokal

Cdled g Jsloo (slaais (g Il 48 0 o o
Cgllasl ol g1 jials b i bl i > SluuST T clag 5]
Omon el 03,5 S8 oS 5 Sles bis 4y ol 9008
Ll 55 e (Sejslgnssd Slio s5ute b sil sl (oSl slons
2,8 wlyd &l 5 Slae (isl58l ol (g ycawlio

Siimeid Cubdyls o gldijs, Cola ialsS b Sis i
Iy &1 (0 1 0995 5y L oy 3 oo ] cllad 3 OS]
(Sehgal 33,5 o ils ()j 5 Sl el ccly coles 5 g 02l ials
(sl by iy Fiwgn e b Jojl 5slSL etal., 2018)
dlbfa].\)] & d).u_ww .)‘90 Fduy yReatS cumw g odl> u@lf 1)
DO KV £ < IFC SV | P ) - PSS S P S 1 |
olS (g byl (ol @dal d9m0 9 cLiid ()l Lo
olaliel asly oie coles j0 g ea b bas S S S s
Oryza ) g » diwly e > (Magtalas et al., 2020) Ll o
(Zea mays L.) > 4 (Nuraziza et al., 2025) (sativa L.
JoilyeelSlioys ) as b )l58 50 (Kamran et al., 2020)
ol38l g Saiedaid Gl o Doty crge (Sdd LIS s
A5l 5, Slos

1400

ab a a ab
1200
1000 ef ef
800
600

400

Grain yield (kg.ha'l)

200

PO P1

D1

P2 PO

&l o Slos
O Al LS wh p Sl ooy uilyly aio Jado 4 dasgi b
Jloil gas 53 ails 5, Sos line 2 035 5 JoilgslShy (St
5SSk duwlio gl 4 a5 b (Y i) 29 45 dme p < <[40
92 2 % 085 9 Joil oSl ((S—2d i ala (iiSeny il
oiblS by > Slas e (Sis 55 wasd GiliEl L« ile o3,
s oo ¥o a3 (e (p i &8 gparcdl
O gk 4o 53 Joil 5orglshy loss el b Juols poes St
20 JSE) s by o yShas pd ]38l g Cute 1 o (SiS
38es o5 18y yPs Sl pSes pa e Ar o e il S
5 S5 | e yie e VYo Laslyd 55 Lol ecudly g i il
b glre )3 &5 gpsa il Jobs (i &b 3)Sles 95 o)
Bl loxe pas & s Js3lsstSl ) 3 o8 oo A il
s o ¥o bl 53 065 o3, )5 (L) Jgjligeolshy
FIN s YYINS i 5ds 53 By )3 9 doyd WA puoes S5
ol (WY S s) cdl il sl aily 5 Slas lie o)
Ol o slgime LialS b (S 105 balys cod ail 5 Slas
Dy olpen S s Gilibl g oiiiwed eSS, als Sy

OParto
c O Gohar
cd
de e M
] — fg f
. gg 989
— 9 ]
P1 P2 PO P1 P2
D2 D3

Drought stress x paclobutrazol x cultivar

Ao LS 415 3,Shos (a0 2 05 9 Jo3l SoralSly ¢ Sl LT A o 51 -VY IS5
Figure 13- Interaction effect of drought stress, paclobutrazol, and cultivar on grain yield activity in mung bean
Yo cbale P Jojl il (Sbslome pas P guses Sais | s e Lo Ve D3 e Sl ) s e oo A D2 s Sl Gl e e e ¥ :D1
o ipslSl (Bl slne 2 )3 p S e Ao e P2 5 JsilionglSly o2k gbone ) 53 p5 o
D1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from

the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™* paclobutrazol foliar application, P2: 80 mg.L™
paclobutrazol foliar application



VFeB Jol dosd o) oylod AV aler ¢yl ©lgus Lo iy 4 i 14F

Tobaw (ooled 2 ol 3 p)S e Ar ke 53 03554 ¢ gl 29lSh
bodon 5 (NJdg b Gaoadld denp cage (SdS IS
2 25 08y 8 39 o] Sl 55 oy 0590 P8 deplio 1 oS
Sl 281 )15 jl cawgio b Cinis cla it g Cogllae (gylol bl yd
P oned) S Iy il gpoglhs 3Sles (Sofgle s
Sn b SRy (B e i b (S s 5 ks
S & gy Jood (213 sl gil 5 55e gjlu b
3,Slos g dalllas dy50 la o IS Sl egopll ol L
el oy 0 sy 5 ) sS85y &S oy Lt elS 2l
A3 p S ke A cdale 3 oagas Joil ol o)l (ol
(SR CanBg dge Sl e SR, Glyieds Wi
2 et il olS 3 Sles (i)l 5 (Soid 4 Jood Sl

S 325 oS
Sl (St 5 a5 3 ol gl ool lB e S b
obS (olorign 9 (I 5d o Shy 2 )P g ogllael
O s Slgimne ¢ i i Ll L &S gpebay weily il
8l il ol slalis o)lul g sitesd sbosSS) S
Lais ol S ol Camidg 2900 b JoiligslSl (al gl (Jlocall
221 ol Ol 5 oo Gl e Jgbw slalié (o)l
3 26 5kl BT il ¢ i BT s S 5 (550!
Ol s Slgma il ams ials (ool as b1y Sois i
2 e8Il Glom T clab 5 Jglre sl gy oS
02 welalS (wl e 385 S0l Jsl sl boad)less plals
Shdslone ol (oS Larl b 4 3le olS oo Sal381 )5 0,

9 oy pnoS 1)

References

Abbasi, A., Shekari, F., & Mustafavi, S. H. (2015). Effect of paclobutrazol and salicylic acid on antioxidant
enzyme activity in drought stress in wheat. Idesia (Arica), 33(4), 5-13. https://doi.org/10.4067/S0718-
34292015000400002

Abd El-Gawad, H. G., Mukherjee, S., Farag, R., Abd Elbar, O. H., Hikal, M., Abou El-Yazied, A., Abd Elhady,
S. A., Helal, N., ElKelish, A., El Nahhas, N., Azab, E., Ismail, I. A., Mbarki, S., & Ibrahim, M. F. M.
(2021). Exogenous y-aminobutyric acid (GABA)-induced signaling events and field performance
associated with mitigation of drought stress in Phaseolus vulgaris L. Plant Signaling & Behavior, 16(2),
1851490. https://doi.org/10.1080/15592324.2020.1853384

Abid, G., Sassi, K., Debode, F., Dubois, B., Nefissi Ouertani, R., Abdelkrim, S., Ghouili, E., Gao, Y., Li, Z.,
Jebara, S. H., Jebara, M., & Muhovski, Y. (2025). Comprehensive physiological and transcriptomic insights
into drought stress responses in faba bean (Vicia faba L.). BMC Plant Biology, 25, 1604.
https://doi.org/10.1186/s12870-025-07670-9

Ahmadi, M., Zare, M. J., & Emam, Y. (2019). Study of quantitative and qualitative traits of bread wheat by
using of cycocel, zinc sulfate and bio-fertilizer application under dry land farming. Plant Ecophysiology
(Arsanjan Branch), 11(38), 148-161. (In Persian)

Alghabari, F. M. (2026) Elucidation of drought tolerance mechanisms of different mungbean genotypes based
upon physiological, biochemical and genetic mechanisms. Frontiers in Plant Science, 17, 1710212.
https://doi.org/10.3389/fpls.2026.1710212

Allen, R. G., Pereira, L. S., Raes, D., & Smith, M. (1998). Crop evapotranspiration-guidelines for computing
crop water requirements-FAO irrigation and drainage paper 56. FAO, Rome, 300, 6541.

Aria, P. (1997). Description of Methods of Physical Decomposition of Soil. Tehran Soil and Water Research
Institute Publications. 65 p.

Babarashi, E., Rokhzadi, A., Pasari, B., & Mohammadi, K. (2021). Ameliorating effects of exogenous
paclobutrazol and putrescine on mung bean [Vigna radiata (L.) Wilczek] under water deficit stress. Plant,
Soil and Environment, 67(1), 40-45. https://doi.org/10.17221/437/2020-PSE

Bafon D, Ortufio, M. F., Sanchez-Blanco, M. J., Pagan, B. L., & Bafion S. (2023). effects of Paclobutrazol
and mepiquat chloride on the physiological, nutritional, and morphological behavior of potted icterina sage
under greenhouse conditions. Agronomy, 13(8), 2161. https://doi.org/10.3390/agronomy13082161

Bates, L. S., Waldern, R. P., & Tear, I. D. (1973). Rapid determination of free proline for water stress studies.
Plant Soil, 39, 205-207. https://doi.org/10.1007/BF00018060

Bucks, D. A., Nakayama, F. S., & Warrick, A. W. (1982). Principles, practices, and potentialities of trickle
drip irrigation. In D. Hillel (Ed.). Advances in Irrigation Agronomy Assets Cambridge, 1, 219-298.
https://doi.org/10.1016/B978-0-12-024301-3.50013-7

Cao, Y., Yang, W., Ma, J,, Cheng, Z., Zhang, X., Liu, X., & Wu, X. (2024). An integrated framework for
drought stress in plants. International Journal of Molecular Sciences, 25(17), 9347.
https://doi.org/10.3390/ijms25179347


https://doi.org/10.4067/S0718-34292015000400002
https://doi.org/10.4067/S0718-34292015000400002
https://doi.org/10.1080/15592324.2020.1853384
https://doi.org/10.1186/s12870-025-07670-9
https://doi.org/10.3389/fpls.2026.1710212
https://doi.org/10.17221/437/2020-PSE
https://doi.org/10.3390/agronomy13082161
https://doi.org/10.1007/BF00018060
https://doi.org/10.1016/B978-0-12-024301-3.50013-7
https://doi.org/10.3390/ijms25179347

Y0 e JoilygeSl sil Jekxo 4 (Vigna radiata L.) sile (S5 5e) g0 3ud Wlho grwly oyl )02 5 gual

Chavoushi, M., Najafi, F., Salimi, A., & Angaji, S. A. (2019). Improvement in drought stress tolerance of
safflower during vegetative growth by exogenous application of salicylic acid and sodium nitroprusside.
Industrial Crops and Products, 134, 168-176. https://doi.org/10.1016/j.indcrop.2019.03.071

Desta, B., & Amare, G. (2021). Paclobutrazol as a plant growth regulator. Chemical and Biological
Technologies in Agriculture, 8, 1. https://doi.org/10.1186/s40538-020-00199-z

Dhindsa, R. S., Plumb-Dhindsa, P., & Thorpe, T. A. (1981). Leaf senescence: correlated with increased levels
of membrane permeability and lipid peroxidation, and decreased levels of superoxide dismutase and
catalase. Journal of Experimental Botany, 32, 93-101. https://doi.org/10.1093/jxb/32.1.93

Diaz-Perez, J. C., Shackel, K. A., & Sutter, E. G. (2006). Relative water content. Annals of Botany, 97, 85-96.

Dwivedi, S. K., Arora, A., & Kumar, S. (2017). Paclobutrazol-induced alleviation of water-deficit damage in
relation to photosynthetic characteristics and expression of stress markers in contrasting wheat genotypes.
Photosynthetica, 55(2), 351-359. https://doi.org/10.1007/s11099-016-0652-5

Dwivedi, S. K., & Kumar, S. (2016). Retracted article: Effect of paclobutrazol on photosynthesis and
expression of pyrroline-5-carboxylate synthase in contrasting wheat genotypes under water deficit stress
condition. Physiology and Molecular Biology of Plants, 22(3), 425. https://doi.org/10.1007/s12298-016-
0343-5

Eesha, A., Kulshrestha, M., Choudhary, P., Kumar, A., & Nag, A. K. (2024). Metabolic and enzymatic
evaluation of lentil (Lens culinaris Medik.) seedlings under drought stress. Indian Journal of Agricultural
Research, 58(1), 43-48. https://doi.org/10.18805/1JARe.A-5884

Flinet, H. I., Boyce, B. R., & Beatti, D. J. (1966). Index of injury drought a useful expression of freezing injury
to plant tissues as determined by the electrolytic method. Canadian Journal of Plant Science, 47, 229-230.
https://doi.org/10.4141/cjps67-043

Heidari, H., Alizadeh, Y., & Fazeli, A. (2019). Effects of seed priming and foliar application of salicylic acid
on some of physiological characteristic and yield on mung bean (vigna radiata L.) under drought stress
condition. Journal of Plant Production (Journal of Agricultural Sciences and Natural Resources, 26(2),
127-141. (In Persian). https://doi.org/10.22069/jopp.2019.14863.2327

Irigoyen, J. J., Einerich, D. W., & Sanchez-Diaz, M. (1992). Water stress induced changes in concentrations
of proline and total soluble sugars in nodulated alfalfa (Medicago sativa) plants. Physiologia Plantarum,
84, 55-60. https://doi.org/10.1111/j.1399-3054.1992.th08764.x

Jha, U. C., Shafi, S., Tallury, S., Nayyar, H., Ciampitti, I., Siddique, K., & Prasad, P. V. (2025). Differential
physiological and yield responses of selected mung bean (Vigna radiata (L.) R. Wilczek) genotypes to
various high-temperature stress regimes. Scientific Reports, 15, 1034. https://doi.org/10.1038/s41598-024-
84615-6

Jothimani, K., & Arulbalachandran, D. (2020). Physiological and biochemical studies of black gram (Vigna
mungo (L.) Hepper) under polyethylene glycol induced drought stress. Biocatalysis and Agricultural
Biotechnology, 29, 101777. https://doi.org/10.1016/j.bcab.2020.101777

Kamran, M., Ahmad, S., Ahmad, 1., Hussain, I., Meng, X., Zhang, X., Javed, T., Ullah, M., Ding, R., Xu, P.,
Gu, W., & Han, Q. (2020). Paclobutrazol application favors yield improvement of maize under semiarid
regions by delaying leaf senescence and regulating photosynthetic capacity and antioxidant system during
grain-filling stage. Agronomy, 10(2), 187. https://doi.org/10.3390/agronomy10020187

Khan, A. A., Wang, Y. F., Akbar, R., & Alhoqail, W. A. (2025). Mechanistic insights and future perspectives
of drought stress management in staple crops. Frontiers in Plant Science, 16.
https://doi.org/10.3389/fpls.2025.1547452

Klute, A. (Ed.) (1986). Methods of Soil Analysis: Part 1—Physical and Mineralogical Methods (2nd ed.).
Madison, W. 1. (1974). Proceedings - Soil Science Society of America. Soil Science Society of America,
38(1-3). https://doi.org/10.2136/sssabookser5.1.2ed

Lichtenthaler, H. K., & Wellburn, A. R. (1983). Determination of total carotenoids and chlorophyll a and b of
leaf extract in different solvents. Biochemical Society Transactions, 11, 591-592.
https://doi.org/10.1042/bst0110591

Magtalas, M. P., Vizmonte, P. T., & Agustin, A. M. L. (2020). Promoting effects of paclobutrazol on the
productivity of different rice (Oryza sativa L.) ecotypes under rainfed lowland condition. Mining Science
and Technology, 18(2), 157-173. https://doi.org/10.61310/mndjstea.0950.20

Maheshwari, C., Singh, P., Kumar, R., & Sharma, S. (2024). Ameliorative effects of paclobutrazol in rice
under water deficit stress. Rice Science, 31(5), 603-616. https://doi.org/10.1016/j.rsci.2024.03.004

Nakano, Y., & Asada, K. (1987). Purification of ascorbate peroxidase in spinach chloroplasts; its inactivation
in ascorbate -depleted medium and reactivation by monodehydroascorbate radical. Plant and Cell
Physiology. 28(1), 131-140. https://doi.org/10.1093/oxfordjournals.pcp.a077268


https://doi.org/10.1016/j.indcrop.2019.03.071
https://doi.org/10.1186/s40538-020-00199-z
https://doi.org/10.1093/jxb/32.1.93
https://doi.org/10.1007/s11099-016-0652-5
https://doi.org/10.1007/s12298-016-0343-5
https://doi.org/10.1007/s12298-016-0343-5
https://doi.org/10.18805/IJARe.A-5884
https://doi.org/10.4141/cjps67-043
https://doi.org/10.22069/jopp.2019.14863.2327
https://doi.org/10.1111/j.1399-3054.1992.tb08764.x
https://doi.org/10.1038/s41598-024-84615-6
https://doi.org/10.1038/s41598-024-84615-6
https://doi.org/10.1016/j.bcab.2020.101777
https://doi.org/10.3390/agronomy10020187
https://doi.org/10.3389/fpls.2025.1547452
https://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22Soil+Science+Society+of+America%22
https://doi.org/10.2136/sssabookser5.1.2ed
https://doi.org/10.1042/bst0110591
https://doi.org/10.61310/mndjstea.0950.20
https://doi.org/10.1016/j.rsci.2024.03.004
https://doi.org/10.1093/oxfordjournals.pcp.a077268

VP8 Jol dous ) o )leds Y ol oyl sl Slgus ol ik g & i 145

Nuraziza, S., Rahayu, M., & Purwanto, E. (2025). Physiological effects and yield of Mentik Wangi rice under
drought stress with paclobutrazol application. Annals of Biology, 41(1), 77-85.

Pal, S., Roychoudhury, A., & Chakraborty, N. (2016). Paclobutrazol induces tolerance in tomato to deficit
irrigation through diversified effects on plant morphology, physiology and metabolism. Scientific Reports,
6, 39321. https://doi.org/10.1038/srep39321

Panda, S., Mondal, S., Hembram, S., Atta, K., & Ali, O. (2023). Effect of paclobutrazol on vegetative and
reproductive phenology of chickpea (Cicer arietinum L.). Biological Forum — An International Journal,
15(4), 609-612.

Peterson, R. G., & Calvin, L. D. (1996). Sampling. In D. L. Sparks (Ed.). Methods of Soil Analysis: Part 3—
Chemical Methods. Madison, WI: Soil Science Society of America and American Society of Agronomy.

Richards, L. A. (1948). Porous plate apparatus for measuring moisture retention and transmission by soil. Soil
Science, 66(2), 105-110.

Sehgal, A., Sita, K., Siddique, K. H. M., Kumar, R., Bhogireddy, S., Varshney, R. K., Hanumantha Rao, B.,
Nair, R. M., Prasad, P. V. V., & Nayyar, H. (2018). Drought or/and heat-stress effects on seed filling in
food crops: Impacts on functional biochemistry, seed yields, and nutritional quality. Frontiers in Plant
Science, 9, 1705. https://doi.org/10.3389/fpls.2018.01705

Seleiman, M. F., Al-Suhaibani, N., Ali, N., Akmal, M., Alotaibi, M., Refay, Y., & Battaglia, M. L. (2021).
Drought stress impacts on plants and different approaches to alleviate its adverse effects. Plants, 10(2),
259, https://doi.org/10.3390/plants10020259

Sharifa, S., & Abu-Muriefah, S. S. (2015). Effects of paclobutrazol on growth and physiological attributes of
soybean (Glycine max) plants grown under water stress conditions. International Journal of Advanced
Research in Biological Sciences, 2(7), 81-93.

Shivalal, N., Mukti Ram, P., Binod, P., Anjali, D., Harikala, P., & Radhakrishna, B. (2024). Drought stress
effect, tolerance, and management in wheat — a review. Cogent Food and Agriculture, 10(1), 2296094.
https://doi.org/10.1080/23311932.2023.2296094

Sofy, M. R., Elhindi, K. M., Farouk, S., & Alotaibi, M. A. (2020). Zinc and paclobutrazol mediated regulation
of growth, upregulating antioxidant aptitude and plant productivity of pea plants under salinity. Plants,
9(9), 1197. https://doi.org/10.3390/plants9091197

Soumya, P. R., & Kumar, P. (2017). Optimization of paclobutrazol dose for foliar and drenching applications
under water deficit stress in chickpea (Cicer arietinum L.). International Journal of Bio-Resource and
Stress Management, 8(4), 566-573.

Sumitra, P., Benjamin, K., Hakan, O., Frederike, Z., & Michael, F. (2024). Physiological and biochemical
changes induced by drought stress during the stem elongation and anthesis stages in the Triticum genus.
Environmental and Experimental Botany, 228, 106047. https://doi.org/10.1016/j.envexpbot.2024.106047

Vessal, S., Arefian, M., & Siddique, K. H. M. (2020). Proteomic responses to progressive dehydration stress
in leaves of chickpea seedlings. BMC Genomics, 21, 523. https://doi.org/10.1186/s12864-020-06930-2

Wu, H., & Yang, Z. (2024). Effects of drought stress and post-drought rewatering on winter wheat: A meta-
analysis. Agronomy, 14(2), 298. https://doi.org/10.3390/agronomy14020298

Yadav, D. K., & Hemantaranjan, A. (2017). Mitigating effects of paclobutrazol on flooding stress damage by
shifting biochemical and antioxidant defense mechanisms in mungbean (Vigha radiata L.). Legume
Research, 40(3), 453-461. https://doi.org/10.18805/1r.v0i0.7593


https://doi.org/10.1038/srep39321
https://doi.org/10.3389/fpls.2018.01705
https://doi.org/10.3390/plants10020259
https://doi.org/10.1080/23311932.2023.2296094
https://doi.org/10.3390/plants9091197
https://doi.org/10.1016/j.envexpbot.2024.106047
https://doi.org/10.1186/s12864-020-06930-2
https://doi.org/10.3390/agronomy14020298
https://doi.org/10.18805/lr.v0i0.7593

